Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



1/10 



109 — ^ 



110 



READ/ERASE/ 
PRGM STATE 

MACHINE WITH 
SELF 
CONVERGING 
ALGORITHM 



112 
DATA OUT 



DATA IN 



L 



SENSE AMPLIFIERS 



ADDRESS 

— H 



108 



105 



COLUMN DECODER 



READ/ERASE/ 
PRGM SUPPLY 
VOLTAGES WITH 
VD/VS STEPPING 



OS 

Q 
O 

Q 



O 



7 



101 



NROM MEMORY ARRAY 



7 



100 



102 



FIG. 1 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



2/10 




01 23456789 10 11 



PROGRAMMING TIME (MICROSECONDS) 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 

3/10 

RR Vd step 

FRVdstep FIG. 4 
RR Vg step 
FR Vg step 
RR Vd constant 
FR Vd constant 
RR VdVs step Vds constant 
FR VdVs step Vds constant 
RR VdVgVs step 
FR VdVgVs step 





Programming time (us) 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



4/10 



2.2 
2.Q 
| 1.8 

+4 1.6 
5£ 1.4 

E12 
o 

^ 1.Q 
2 0.8 
£ 0.8 
0.4 
0.2 



Vd step 
Vg step 
Vd constant 
VdVs step Vds 
VdVsVg step 



500 



instant 





504 



503 



i — 1 — r 



T 



i — 1 — r 



8 10 12 14 16 



Shot number 



FIG. 5 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



5/10 




Vd step 
Vg step 
Vd constant 

VdVs step Vds constant 
VdVsVg step 



600 



K \ / v. vVv 



sea 



602 



3 6 ^-603 9 

Programming time(us) 

FIG. 6 



4.0- 
3.8- 
3.6- 
3.4- 
3.2- 
3.0- 
2.8- 
2.6- 
2.4- 
2.2- 
2.0- 
1.8- 
1.6- 
1.4-- 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



6/10 



••'•• Vg=10 

* * * ******* * v 9=9 

if ■ *-*- 

/ * ♦ ,..#♦•»•••♦•"'•• Vg=8.5 

/y*** ^.«^h-mh-m-m-h Vg=7.5 

vr 4 , f ? ▼ ▼ ▼ ▼ ▼▼▼▼▼▼ Vg=6.5 

^^^^ ~^ - ^ ~^ - ^ Vg = 6 

~ A ^ ## • # • • • • • • • • • • • Vg=5.5 

................ Vg=5 



i — 1 — r 
0 2 



8 10 12 



Programming time (us) 



FIG. 7 



„ 4.1 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



7/10 



3.8 
3.6 
3.4 
3.2 
3.G 

^2.6 
>2.4 

2.2 
2.G 
1.8 
1.6 



11 

Jf ^ r f*w*w^ vg=10 V 



/ 



10 



/ , A LA-A-A-A-A-A-A_A_A_A_ A A Vg=8.5 V 

T a-A-A 



/ 



01 



Vg=7 V 



I 



00 



Vg=5.5 V 



1 ■ 1 1 1 1 1 1 1 1 1 ' 1 

0 2 4 6 8 10 12 

Programming time (us) 



FIG. 8 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



8/10 



DETERMINE DATA VALUE FOR 
SELECTED CELL 
(00, 01, 10, 11) 



I 



900 



APPLY GATE VOLTAGE 
CORRESPONDING WITH 
DETERMINED DATA VALUE 



I 



APPLY PULSE OF SOURCE 
VOLTAGE AND DRAIN VOLTAGE TO 
SELECTED CELL 



3 



902 



INCREASE THE DRAIN VOLTAGE 
AND THE SOURCE VOLTAGE, AND 
APPLY PULSE 



903 




FIG. 9 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



9/10 




FIG. 10 



Inventors: Tzu-Hsuan Hsu et al. 
Title: Circuit and Method for Programming Charge Storage Memory Cells 

Application No. 

Attorney Docket No. MXIC 1561-1 



10/10 




3 

FIG. 11 



